DOCUMENT RESUME 



ED 294 719 



SE 049 096 



AUTHOR 
TITLE 



INSTITUTION 

SPOKS AGENCY 

PUB DATE 
CONTRACT 
NOTE 

AVAILABLE FROM 
PUB TYPE 



Suydam, Marilyn N, 

Mathematics Learning in the Elementary School. 
ERIC/SMEAC Mathematics Education Diqest No. 2, 
1987. 

ERIC Clearinghouse for Science, Mathematics, and 

Environmental Education, Coliunbus, Ohio. 

Office of Educational Research and Improvement (ED), 

Washington, DC. 

87 

400-86-0016 
4p- 

SMEAC Information Reference Center, The Ohio State 



Univ., 1200 Chambers 
43212 {$1.00). 
Information Analyses 
Products (071) 



Rd., 3rd Floor, Columbus, OH 
- ERIC Information Analysis 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



MFOl/PCOl Plus Postage. 

*Concept Formation; Elementary Education; *Elementary 
School Mathematics; *Manipulative Materials; 
Mathematical Concepts; Mathematics Achievement; 
Mathematics Curriculum; Mathematics Education; 
*Mathematics Instruction; *Number Concepts? *Problem 
Solving 

1;riC Digests; Mathematics Education Research 



ABSTRACT 

This digest suggests that research findings can 
provide teachers with verification and clarification of how children 
learn mathematics, and thus how to teach mathematics more 
effectively. Three topics are discussed: (1) number concepts; (2) 
problem solving; and (3) manipulative materials. (PK) 
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MATHEMATICS LEARNING IN THE 
ELEMENTARY SCHOOL 



Through the years, the findings of clusters of research 
studies on some topics have provided teachers with 
verification and clarification of how children learn mathe- 
matics, and thus how to teach mathematics more effec- 
tively. Studies published from 1986 on three topics provide 
an example of such clusters. 

Number Concepts: The Base for Arithmetic Work 

How children develop number concepts has been the 
focus of much exploratory work, with particular attention to 
ways children learn to count. Less attention has been given 
by researchers to place value, yet we know that children fre- 
quently demonstrate poor understanding of the principles 
of our base-ten system. Understanding of place value re- 
'^uires children to coordinate knowledge of numerals with 
conceptual understanding of the numbers represented by 
those numerals. Continuing work by other researchers, 
Ross described stages in the development of children's 
understanding of place value. She used six tasks in which 
children were asked to identify the number of objects 
represented by each digit in a two-place numeral. Among 
the 15 children at each grade level, only seven fifth graders, 
seven fourth graders, two third graders, and no second 
grader's were successful on all six tasks; 28 children failed 
to demonstrate convincingly any understanding of the tens 
digit. 

To be successful on more than two of the tasks, children 
have to understand part-whole relations reflected by suc- 
cess on word problems and on logical classification tasks. 
To be successful on more than four of the tasks, children 
have to be able to: 

count rationally by tens, 

identify the tens and ones n* 

partition collections into a tens part and a ones part, and 

conserve the grouped number. 
Children need help in developing the knowledge and con- 
cepts for each of these prerequisites. 

Because of their high performance on international tests 
of mathematics achievement, the way Japa.jese children 
are taught mathematics is being studied. Among the dif- 
ferences between the way North American children and 
Japanese children approach numeration is the attention 
given in Japan to 5 as a key number. Yoshida and Kuriyama 
found that children in kindergarten appeared to represent 
numbers to 5 as an "anchor" for the numbers from 6 to 10. 
Many children could grasp the concept of fiveness more 
readily than they could that of tenness, and therefore were 
able to make better progress in learning. They thought of 7, 
for instance, as 5 and 2 more; of 9 as 5 and 4 more: they 
were thus using counting on to help them attain increased 
understanding and recall. Five served as a base to aid them 
O itally. 



Problem Solving: The Difficulty Continues 

Data from each of the four national assessments of 
mathematics have indicated that problem solving continues 
to be a major point of difficulty in the curriculum. In an 
analysis of elementary school mathematics textbooks from 
1984, McGinty, Van Beynen, and Zaiewski found that the 
number of problems is only one-third of the number appear- 
ing in textbooks from 1924 or 1944, while the number of 
"drill problems" or exercises has increased. Some evidence 
from a 1985 study indicates that the number of problems 
and their variety has increased during the 1980s, but it re- 
mains a factor in teaching problem solving: the number of 
problems children meet affects their problem-solving abil- 
ity. Teachers may need to add more problems in their in- 
struction, as well as focus children's attention on ways to 
go about solving problems. 

Having children write problems is one way to increase 
the number of problems they meet — and it can enhance 
problem-solving performance, according to a study with 
fifth graders by Malina which is supported by earlier re- 
search. One group had five lessons on how to write prob- 
lems for each operation, while another group spent an 
equivalent amount of time solving problems like those the 
other group was being taught to write. Writing problems not 
only got children personally involved, but also helped them 
to focus on needed and unneeded information in problems. 

The strategies children in grades 1-3 used to solve multi- 
plication and division word problems were studied by 
Kouba. Children solved the problems in a variety of way§, 
wiih strategies reflecting the semantic structure of the 
problems. Direct modeling was used by most successful 
children in grades 1 and 2, while transitional counting 
strategies were used by some second-grade and a few third- 
grade children and recalled number facts were used by 
most successful third-graders. Little use was made of 
repeated addition and almost no use of repeated subtrac- 
tion. Children who were successful on multiplication and 
division problems were, however, also successful on addi- 
tion and subtraction problems, although 15 percent of 
those successful on addition and subtraction p^'oblems 
could not solve multiplication and division problems. This 
indicates that strategies which are successful for solving 
addition and subtraction problems are necessary but not 
sufficient for solving multiplication and division problems. 
Teaching the links between direct modeling strategies and 
the higher level strategies seems necessary, as well as the 
relationship between repeated addition and multipKcation 
and between repeated subtraction and division. 

Duncan described what fifth graders say and do when 
solving verbal mathematics problems In small groups. Each 
of three four-member groups was asked to reach a consen- 
sus on the solution of some problems. The children 



displayed some general patterns of behavior. 

• the manner in which the groups approached and effec- 
tively isolated the contextual elements of a verbal 
problem, 

• the propensity of groups to cfiange the mode in which a 
problem is represented by using manipulaMves, diagrams, 
tables, and other physical displays, and 

• the manner in which groups monitored the course of 
problem solving and reached consensus on solution 
proposals. 

Bebout investigated the effects of teaching children to 
represent addition and subtraction verbal problems with 
number sentences directly reflecting the structure of the 
problem. Children were taught to write canonical number 
sentences (such as 7 + 5 = ? or 8-3 = ?) and noncanonical 
number sentences (such as 9 + ? = 1 1 or ? - 7 = 8) to reflect 
the informal strategies they used to solve problems with 
concrete objects. Before instruction, nearly 60% of the first 
graders solved problems that could be directly represented 
with canonical numbsr sentences; less than 40% solved 
problems that could not be directly represented with 
canonical number sentences. After instruction, over 60% 
solved all classes of problems. 

Similarly, before instruction, less than 25% wrote correct 
number sentences for problems that could not be repre- 
sented directly by canonical number sentences. After in- 
struction, nearly 80% wrote correct number sentences for 
all basic problem types. Thus, after instruction children 
wrote either canonical or noncanonical sentences that 
directly represented the action described in the given 
problems. 

Earlier research indicated that before instruction 
students were most likely to write sentences modeling the 
action described in a problem, whereas after instruction 
they wrote sentences representing the solution means, 
without attention to the action described. With careful 
development, they can be taught to write sentences directly 
representing the action. This can be helpful as they proceed 
in mathematics. 

Manipulative Materials: Use Them! 

Grounding concepts in concrete experiences and careful 
checking for understanding seem vital, according to Kat- 
terns and Carr, as it has to many other researchers and 
teachers. 

Working with students in grades 5-7, Beattys reported 
that significant differences favored the group using manip- 
ulatives in learning area measurement, compared with a 
group just using the textbook. Manipulative-using students 
could solve area measurement problems that they were 
unable to solve prior to the use of manipulatives. This com- 
pares to textbook students' success rates of 18% for grade 
5 and 30% for grade 6. 



The amount of teacher-pupil interaction may be a 
deciding factor: Blalock reported that pupils in kindergarten 
achieved equally well using manipulatives or worksheets 
when lessons involved equal amounts of teacher-pupil in- 
teraction. This agrees vyith the conjectures of others that 
perhaps the primary effect of manipulative materials is to 
enhance the amount and quality of communication about 
mathematics. 

Finally , , , 

All of these findings point to a major point: the teacher 
must make many decisions about how and when, as well as 
what, to teach the particular students in his or her class- 
room. Teaching is a decision making process: research 
findings about how children learn can provide aid in helping 
teachers as they make decisions. 
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